The reduction of nickel(II) halides with NaBH4 in the presence of different ligands, L = PPh3, AsPh3, SbPh3, has been studied. With a molar ratio L/Ni = 3, new complexes NiX(SbPh3)3, X --C1, Br, I, were obtained. With a molar ratio L/Ni = 2, dimeric species [NiXL2]2, X --C1, Br, I; L --PPh3, AsPh3, SbPh3, were isolated. They are unstable and decompose easily in the solid and rapidly in solution, so that pure samples were only identified for X = C1, L = PPh3, AsPh3, SbPh3; X = Br, L = PPh3 and X = I, L = PPh3. With a molar ratio L/Ni = 1, complexes [NiXL]n (probably polymeric) were obtained. They are very unstable and pure samples could only be isolated when X = C1, L = PPh3. Impure substances containing variable amounts of decomposition products were obtained in all the remaining cases. The chemical and structural behaviour of these complexes is discussed.
Introduction
The preparation of nickel(I) complexes of the type NiXL3, X = C1, Br, I; L = PPh3 (1-4), AsPh3 (4) and NiXL2, X = C1, Br, I; L = PCyclohexyl3 (5) and NiBr(PPh3)2 (6) have been reported. More recently, various anionic and cationic (7' s) species have been described.
The chemical behaviour of complexes NiXI~ is consistent whereas important divergencies are observed for complexes NiXL~ in relation to their mono-or bi-nuclear structures and their tricoordinate, tetrahedral or square planar configurations. These differences moved us to complete our previous studies(4, 7) on the reduction of nickel(II) salts with NaBH4 in the presence of different ligand : Ni ratios of ligands L = PPh3, AsPh3, SbPh3.
Results and Discussion
It has been established (9) that the reduction of nickel(II) salts with NaBH4 takes place through different intermediate complexes depending on the amount of the reducing agent, the time and the solvent, (see eq. (1));
In order to isolate halonickel(I) complexes and prevent the occurrence of the following disproportion reaction they must be insoluble in the solvent used 2 Ni I ~-Ni n + Ni ~
This explains why alkylphosphine and phosphite nickel(I) complexes which are soluble in ethanol could not be obtained. On the other hand, insoluble halonickel(I) complexes formed * To whom all correspondence should be directed.
0340-4285/82/0612-0294502.50/0 in the first step of eq. (1) may be obtained in ethanol only if a small excess of the reducing agent is used, to assure the complete transformation of the starting compound, as the hydride or boranate simultaneously formed is completely soluble in ethanol.
In all the reactions, the strict stoichiometric amount of the reducing agent was used, as shown in eq. (3).
NiX2 + 1/2 NaBH4 + nL n=3 NiXL3
NiXL3 complexes
The reduction of NiX2 in the presence of SbPh3 in a molar ratio 1:3 gives NiX(SbPh3)3 (where X = C1, Br, I) as shown by the analytical data in Table 1 . The chemical behaviour of these complexes is similar to that known for complexes of PPh3 and AsPh3 (4), but they are less stable even in the solid state under nitrogen, and are very unstable in air and decompose in solution.
Magnetic measurements summarised in Table 2 are consistent with their formulation as Ni I complexes (d9). The calculated ~tef f are rather low, indicating a low orbital contribution which s~ggests an important tetragonal distortion of the tetrahedral environment (7). The magnetic susceptibility variation between 195 and 300 K for NiCI(SbPh3)3 gives Weiss's constant 0 = -15 K. The distortion is also confirmed by the visible-u.v, spectra shown in Table 3 . Thus, NiCI(PPh3)3 shows two absorption bands with maxima at 12500 and 10000 cm -1 assignable, respectively, to 2B 2 ~ 2E and 2B 2 --~ 2.4 l transitions for a D2d environment.
The assignments for the SbPh3 complexes are less reliable, but asymmetric absorption bands located at 9800 (X = Br); 9500 (X = I) and 7240 (X = Br); 6850 (X = I) cm -1 may be attributed to the transitions described above. The chloro-complex could not be studied as it decomposed during the experiment in solution.
[NiXLe] 2 complexes
The reactions shown in eq. (3) with n = 2 have been carried out for X = C1, Br, I and L = PPh3, AsPh3 and SbPh~. The resulting species are even less stable than ,NiXL3 so that it is difficult to obtain pure smnples. The disproportion is more facile as the solubility is greater and therefore compounds with X = Br, I; L = AsPh3, SbPha, could not be obtained as pure Transition Met. Chem. 7, 294-297 (1982) species. Complexes with X = C1, L = PPh3, AsPh3, SbPh3 and X = Br, I, L = PPh3 were isolated as microcrystalline solids which have been formulated as NiXL2 on the basis of the analytical data shown in Table 1 . NiCI(PPh3)2 may be chosen for discussion due to its relatively high stability. This complex is obtained as pale red crystals from ethanol. In benzene it gives an intense red solution, which becomes yellow-green after 10 min and eventually green after 20 min. The red colour may be maintained for longer periods by the addition of an excess of PPh3. Evaporation of the red solution under vacuum gives yellow crystals after being washed with hexane. Occasionally they look orange.
The same compound can be obtained by adding a NaBH4 solution in ethanol to a suspension of NiC12 in diethyl ether. The suspended solid dissolves completely to give a red solution from which orange crystals separate.
The yellow and the orange crystals as well as the microcrystalline solid obtained from ethanol have exactly the same analytical composition. We cannot find any reasonable explanation for these colour changes which produce only the differences observed in the electronic spectra.
The remaining compounds are not sufficiently stable to be handled under the same conditions and studies were carried out in the solid. The lack of stability precludes molecular weight measurements in solution. Even the most stable complex, NiCI(PPh3):, gives too low a value (356) in 0.012 M benzene, due to decomposition, as can be directly observed. This contrasts with the Heimbach's proposal of the monomeric nature of the bromo-complex from cryoseopic determinations.
Magnetic measurements reveal that all the NiXL2 complexes are paramagnetic with ~teff corresponding to NiI(d 9) species. Weiss's constant O = -16.3 K was calculated for the chlorotriphenylphosphine complex measuring between 197 and 293 K.
Solution visible-u.v, spectra were recorded only for the most stable complexes and even they present absorption bands due to Ni n impurities, increasing with time. All these complexes show one absorption band between 6000 and 6500 cm -I which is assigned to the T2 --* E transition in a T d d 9 configuration.
Both red and yellow forms of [NiCI(PPh3)2]2 give the same spectrum in solution in benzene. Differences observed in the solid are not related to the tetrahedral geometry, common to both. This spectral behaviour, along with the other observations, suggests a dimeric halogen bridged structure. The existence of tricoordinate species in solution (1~ proposed previously (6/ must be discarded. Reliable data have only been described for tricoordinate nickel tris(cyclohexyl)phosphine complexes (5).
The i.r. spectrum of [NiC12(PPh3)2]2 shows an absorption at 250 cm -1 assignable to the v(Ni-C1) bridge stretching frequency. Bromo-and iodo-complexes do not show any absorption above 200 cm -1 and the presence of more intense ligand absorptions prevents any discussion for the AsPh3 and SbPh3 derivatives.
In order to obtain additional information, some reactions with different ligands were performed 
The use of these reactions is limited by the easy disproportion of the starting complexes in solution. Otherwise, the reactions in suspension are too slow and frequently incomplete. The reaction with PPh3 gave NiCI(PPh3)3 (4), and with [PPh4]C1 gave [PPhe][NiC12(PPh3)2] (7).
